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for reversible SOFCs [7] , showing high catalytic activity towards oxygen reduction/oxidation reaction. However, analysis of electrochemical impedance spectra of infiltrated cells is rarely reported [8] . What's more, long-term stability of the electrode fabricated by infiltration method is a critical issue. It has been reported that coarsening of infiltrated nano-particles and solid reactions between the infiltrated and scaffold material are the potential causes for the degradation [9, 10] . Meanwhile, longterm stability results of infiltration electrodes are rarely published.
Distributions of relaxation times (DRT) is a technique for deconvolution of a single impedance spectrum into a distribution of relaxation times, invented by Ivers-Tiffée and coworkers [11] . According to DRT method, different electrode processes in SOFC can be identified. The impedance Z for angular velocity ω can be decomposed as The procedure for preparation of tested SOFC is mentioned in ref. [12] . The cell was fabricated by tape casting and infiltration methods. The NiO-YSZ/YSZ/porous YSZ substrate was firstly made by tape casting and hot isostatic pressing technology.
YSZ (8 mol% yttria stabilized zirconia, Tosoh Company, Japan), NiO powder and graphite (Furunda Zirconium Material Co. Ltd., China) as pore former were mixed in a weight ratio of 50:50:10 and ball milled with ethanol-butanone solvent, castor oil dispersant, dibutyl phthalate (DBP) plasticizer, and polyvinyl butyral (PVB) binder in a two-stage milling process mentioned in [7] . For preparation of the YSZ electrolyte slurry, almost the same method was used, except for no NiO and graphite pore former.
And the porous YSZ layer as cathode was also similar with 50wt% graphite to form backbones. After tape casting and hot isostatic pressing mentioned in [3] , the tri-layer structure cell substrate was co-sintered in air at 1300 . EIS data was collected hand, temperature exerted an influence on both ohmic and polarization resistance as expected. Almost no influence of temperature can be seen from low frequency arc in spectra, with significantly rise of high frequency arc as the temperature decreased. This illustrated different temperature reaction of physical and chemical processes.
Fig. 5 DRT analysis of EIS data of test cell at 800
o C with different fuel components supplied to anode side DRT analysis of EIS data in Fig. 3 and Fig. 4 are shown in Fig. 5 and Fig. 6 . Five peaks can be observed in DRT curves, namely Peak I to Peak V starting from high frequency. According to results by other researchers, Peak I to V corresponded to ionic transport [16] , Triple Phase Boundary (TPB) reaction [17] , resistance of O 2-diffusivity [17] in cathode, diffusion [18] and conversion [19] in anode, respectively. According to Fig. 5 , Peak I remained constant when steam content changed in anode side, indicating ionic transport on cathode side, which is different from the results in [18] .
All the other 4 peaks are related to the change of fuel compositions in anode side. And their characteristic frequencies all increased with the increase of steam content in hydrogen. For Fig. 6 , two groups can be distinguished clearly. Peak I and II are temperature-dependent peaks, and the heights of peaks increased with the decrease of temperature. The characteristic frequency of Peak II decreased at the same time, while that of Peak I remained unchanged. Peak III, IV and V are temperature-independent peaks, which means their peak heights and characteristic frequencies remained unchanged with temperature decrease, indicating that the related processes in test cells are temperature-independent. The peaks and their characteristic frequency ranges are listed in Table 1 . DRT analysis of EIS data is presented in Fig. 9 . As shown in the graph, increase of impedance is mainly due to the increase of Peak II, while Peak V showed a slightly tendency of decrease during test. The characteristic frequency of Peak II also decreased slightly with time, which by far has not been noticed before. Previous research has mentioned relation between the long-term performance degradation and the coarsening of microstructure of test cell, which leads to reduction of TPB [7, [21] [22] [23] . These corresponded to the phenomenon of Peak II, which was possibly the potential cause of degradation of cell performance. diffusion in cathode, which was represented by Peak III. Table 2 . It has to be mentioned that the changing rate for R2, R4, R5, R6 are more likely to be affected by random data error because of relatively smaller resistance value. SEM photos of testing cell before and after long-term stability test are shown in layer. The vertical cracks in the electrolyte layer in Fig. 12b ) was caused by cell dismounting. By comparison, no obvious change in cell structure can be observed, while the change of micro-structure needs to be investigated further due to lack of high resolution equipment. distinguished by DRT analysis. 1.7%/kh degradation rate was measured for 500 durability test, and coarsening of microstructure was suspected to be the potential cause for degradation.
